Self-consistent treatment of a space-chargedominated beam is generalized for the case of relativistic bunch. Analytical derivations are performed in the limit of a high brightness beam. Shape of the stationary bunch profile as well as expression for space charge limited beam current are derived. Applicability of wellknown ellipsoidal model to bunched beam in RF field is discussed.
INTRODUCTION
Emittance conservation and prevention of halo formation in a high brightness particle beam in RF accelerator are issues for existing and future high intensity accelerator projects. If the beam is matched with external focusing and accelerating field, its distribution function as well as beam emittance are conserved. Matched stationary beam does not exhibit halo formation. Finding matched conditions for the beam requires solutions of the self-consistent problem for beam distribution function in 6-dimensional phase space, which is typically possible only by numerical methods. In Ref. [ 11 an approximate analytical solution for self-consistent distribution of a bright bunched beam was found. In this paper the solution is generalized for the case of a relativistic bunch.
SELF-CONSISTENT SPACE CHARGE POTENTIAL OF THE BEAM
General approach to find a stationary self-consistent beam distribution function is to represent it as a function of time-independent Hamiltonian, f = f(H), and then to solve the Poisson's equation. The Hamiltonian for particle motion in an RF field with continuous focusing is given by [2] .(I) U 2 +pz + q U e x t + q 4 PE + P; 2 m y 2 m y 3
where px and py are transverse particle momentum, p z = p -ps and c = z -zs are deviations from longitudinal momentum and position of synchronous particle, respectively, UeXt is the potential of an external field, Ub is the space charge potential of the beam, E is the amplitude of the accelerating field, cps is the synchronous phase, Gt is the gradient of the focusing field, r is the particle radius, kz = 27c/(ph) is the wave number and h is the wavelength. In Ref.
[l] the first approximation for a self-consistent potential of the beam was found: *Work supported by the Department of Energy contract DE-
where 6 = (kbq)" is a small parameter, inversely proportional to the dimensionless beam brightness, bq = 21 a2/(pyBIc E:), I is the beam current, k=l..3 is the form factor, a is the aperture radius, I, = 4neornc3/q is the characteristic value of the beam current, B is the bunching factor, and Et is the transverse beam emittance. Equation (3) indicates that the stationary particle distribution of the bright beam has such a shape that the space charge potential is opposite to the external potential. This phenomenon is known from plasma physics as Debye shielding for nonneutral plasmas.
SELF-CONSISTENT BEAM PROFILE
A self consistent space charge distribution of a matched beam in a channel is attained from the Poisson's equation:
The space charge density of a high brightness beam is nearly constant within the bunch. From Eq. where Gz is a longitudinal gradient of external field
and Gt, eff is an effective transverse gradient of external field, depressed due to RF defocusing:
Taking into account Eq. (3), the relationships between gradients of space charge field and that of external field are 
MAXIMUM BEAM CURRENT
Performed study allows us to determine the maximum beam current of bunched beam. The volume of the bunch is calculated from (PV3 Eq. (14) gives a unique expression for the beam current limit (without separate transverse and longitudinal limits) for every combination of E, Gt, cps and h. 
APPLICABILITY OF ELLIPSOID MODEL
Let us discuss applicability of the well known approximation of the bunch by uniformly populated ellipsoid. In the vicinity of synchronous particle, where external forces are approximately linear functions of coordinates, external potential is given by Eq. (8). which is well-known expression for longitudinal current limit in RF filed. Performed analysis shows that approximation of stationary self-consistent bunched beam by uniformly populated ellipsoid is valid for small bunches, R << PSI, 1 << Psh, while more general analysis results in bunch shape, described by Eq. (6).
